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The test of the Standard Model and search for New Physics signal are main aim of LHC exper-
iment. With the increasing of the measurement accuracy at the LHC, it is a major task in future
to exceed the current accuracy of the theoretical predictions for important processes, in particular
ones involving Higgs boson and top quark. In this review we briefly summarize some recent theo-
retical progress in Higgs boson and top quark physics, especially the fixed-order and resummation
predictions in QCD at both the Tevatron and the LHC.
I. INTRODUCTION
Recently, a Higgs boson with a mass around 125 GeV
has been discovered by the ATLAS [1] and CMS [2] col-
laborations at the LHC. In the future, it is possible that
the LHC can tell whether this particle is the Standard
Model (SM) Higgs boson or one of many Higgs bosons in
new physics (NP) model.
In the SM, the Higgs boson is responsible for the ori-
gin of Electro-Weak (EW) symmetry breaking and the
generation of elementary particle masses. The future
experimental task at the LHC is to examine the Higgs
mechanism and test the properties and couplings of Higgs
boson. Therefore, in order to compare with more precise
experimental results, it is important to perform accurate
theoretical predictions for the Higgs process at the LHC.
Besides discovering Higgs boson, another important
task at the LHC is the measurement of the top quark
properties. In fact, the LHC has produced over a mil-
lon and around ten million top quark events at a center
of mass energy of 7 TeV and 8 TeV, respectively, which
leads to precise measurements of observables relevant to
top quark. Thus, the accurate theoretical predictions are
necessary in order to test the SM and search for NP.
In general, QCD controls the theoretical predictions
for the production of any particle in both the SM and
NP at hadron colliders. And the QCD high order cor-
rections play a key role for the accurate theoretical pre-
dictions. These QCD corrections may come from virtual
corrections and extra hard parton emissions which in-
volve complicated multi-loop and multi-leg calculations,
respectively. Besides, significant contributions can also
come from the logarithmic terms by emitting the soft
and collinear gluons, which can be resummed to all order
in αs. A lot of efforts on QCD high order calculations
have been made for over twenty years, and the theoret-
ical predictions become more and more precise. In this
review some recent theoretical progress in the Higgs and
top quark physics are summarized below.
∗ csli@pku.edu.cn
II. RECENT PROGRESS IN HIGGS BOSON
PHYSICS
Recently, the important experimental results are the
measurements of signal strength parameters of the Higgs
boson at the LHC, reported by ATLAS and CMS collab-
orations. The rates of Higgs boson production and decay
are parameterized using signal strength parameters µ,
which is defined as
µ =
σ × Br
(σ × Br)SM
. (1)
In Fig. 1, the signal strength for the various decay
channels is shown by the ATLAS and CMS collabo-
rations. For the ATLAS detector the combined sig-
nal strength is µ = 1.30 ± 0.13(stat.) ± 0.14(syst.) [3].
For the CMS detector the combined signal strength is
µ = 0.80± 0.14 [4]. Obviously, as shown in Eq. (1), the
parameter µ strongly depends on the accurate theoretical
predictions at the LHC, especially the QCD predictions.
A. Higgs boson production
At the LHC the SM Higgs boson is produced through
four different channels:
• Gluon gluon fusion channel: gg → hX ;
• Vector Boson Fusion (VBF) channel: qq′ → hjjX ;
• Higgs boson strahlung channel: qq¯ → hV X ;
• Higgs boson and top quark pair associated produc-
tion channel : qq¯(gg)→ htt¯X .
Until now, the precision predictions for above cross sec-
tions at the LHC with
√
S = 7 TeV are shown in Refs.
[5–7] (see Fig. 2).
1. Gluon gluon fusion channel
Gluon gluon fusion induced by top and bottom quark
loops is the dominating channel of Higgs boson produc-
tion at the LHC (Fig. 3), where the main contributions
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FIG. 1. (Color online) Measurements of the signal strength
parameter µ for the individual channels and their combina-
tions [3, 4]
come from top quark loop due to the large Yukawa cou-
pling yt ∼ 1. The QCD Next-to-Leading Order (NLO)
corrections to this process have been investigated in both
cases of the infinite [8, 9] and finite [10, 11] top quark
mass limits, and can enhance the total cross section by
about 80 % for a 125 GeV Higgs boson at the LHC
with
√
S = 7 TeV. In the infinite top quark mass limit,
the QCD Next-to-Next-to-Leading Order (NNLO) cor-
rections to the total and differential cross section have
been calculated [12–17], and increase the NLO results
by about 25 %. Recently, in Ref. [18], approximate re-
sults for the total cross section at QCD Next-to-Next-
to-Next-to- Leading Order (N3LO) in infinite top mass
are also calculated, and the results show that the ap-
proximate N3LO result amounts to a correction of 17 %
to the QCD NNLO cross section for a 125 GeV Higgs
at the LHC with 8 TeV. Furthermore, the threshold soft
gluon effects have been resummed up to Next-to-Next-to-
Leading Logarithm (NNLL) [19], leading to an increase
of cross section by about 7 % at the LHC. And the Next-
to-Next-to-Next-to-Leading Logarithm resummation has
also been studied [20–23]. Moreover, in Soft Collinear Ef-
fective Theory (SCET) formalism, the π2 enhancement
contributions, originating from the powers of logarithmic
terms of ln[(−Q2 − iǫ)/µ2f ], have been studied and re-
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FIG. 2. (Color online) SM Higgs boson production cross sec-
tions at the LHC with
√
S = 7 TeV [5–7]
summed to all order [22–24], which help to explain the
poor convergence behavior of fixed-order calculations.
FIG. 3. (Color online) Feynman diagram of gg → h at the
LO
Besides the total cross section, the transverse momen-
tum (pT) spectrum of Higgs boson can help to improve
the statistical significance, especially in small pT region.
Up to O(α4s ), in the large pT region (pT ≫ mh) the pT
spectrum has been investigated in Refs. [15, 16, 25–29].
Moreover, contributions at O(α5s ) to the production of
Higgs boson associated with two jets have also been ac-
complished in Ref. [30]. However, in the small pT region
(pT ≪ mh), the convergence of the fixed-order expan-
sion is spoiled by the large logarithmic terms ln(m2h/p
2
T).
In order to obtain reliable predictions, these logarithmic
terms have to be resummed to all orders, which was done
in Refs. [31–43]. Recently, in the Collins-Soper-Sterman
(CSS) framework [44–46], the improved resummation cal-
culations for the Higgs boson production via gluon gluon
fusion by including the NNLO Wilson coefficient func-
tions and G-functions have been completed. And the
corresponding results are included in the ResBos pro-
3gram [47]. The resummation formula can be written as
dσ(gg → HX)
dQ2dQ2Tdy
= κσ0
Q2
S
Q2ΓH/mH
(Q2 −m2H)2 + (Q2ΓH/mH)2
×
{
1
(2π)2
∫
d2beiQT·bW˜gg(b∗, Q, x1, x2, C1,2,3)
× W˜NPgg (b,Q, x1, x2) + Y (QT, Q, x1, x2, C4)
}
, (2)
where the updated NNLO Wilson coefficients are in-
cluded in W˜gg, which dominates at small QT, and be-
haves as Q−2T times a series of ln
n (Q2/Q2T). The function
W˜NPgg describes the non-perturbative part, and the term
containing Y incorporates the remainder of the cross
section which is not singular as QT → 0. The results
show that including NNLO Wilson coefficient functions
increases the total cross section predictions of ResBos for
a 125 GeV Higgs Boson production by about 8 % and 6%
at the Tevatron and the LHC, respectively. The differ-
ent theoretical predictions on the transverse momentum
distributions for the Higgs boson production at the LHC
wiht 14 TeV are shown in Fig 4.
0 10 20 30 40 50 60 70 80 90 100
 
(pb
/G
eV
)
T
/d
Q
σd 0.2
0.4
0.6
0.8
1
1.2
LHC 14 TeV
Higgs 125 GeV
ResBos2
ResBos
HqT2
 (GeV)TQ
0 10 20 30 40 50 60 70 80 90100
R
at
io
0.6
0.8
1
1.2
1.4
FIG. 4. Different theoretical predictions on the transverse
momentum distributions for the Higgs boson production at
the 14 TeV LHC. In the bottom of each plot, the ratios to
ResBos2 predictions are also shown [47]
In Ref. [43] using methods of SCET, the calculation
of the cross sections for the Higgs boson production
at small transverse momentum qT region is performed,
where large logarithms of the scale ratio mH/qT are re-
summed to all orders. The differential cross section based
on SCET can be factorized as
d2σ
dq2T dy
= σ0(µ)C
2
t (m
2
t , µ)
∣∣CS(−m2H , µ)∣∣2
×
∑
i,j=g,q,q¯
∫ 1
ξ1
dz1
z1
∫ 1
ξ2
dz2
z2
C¯gg←ij(z1, z2, q2T,m
2
H , µ)
× φi/P (ξ1/z1, µ)φj/P (ξ2/z2, µ) , (3)
where the Wilson coefficient Ct can be obtained after in-
tegrating out the heavy top quark, while the hard match-
ing coefficient CS arises when two-gluon operator in QCD
is matched onto an effective two-gluon operator in SCET.
φi/P is the ordinary parton distribution function (PDF).
Besides, the integral kernel C¯gg←ij is
C¯gg←ij(z1, z2, q2T,m
2
H , µ) =
1
4π
∫
d2x⊥ e−iq⊥·x⊥
×
(
x2Tm
2
H
b20
)−Fgg(L⊥,as) ∑
n=1,2
I
(n)
g←i(z1, L⊥, as)
× I(n)g←j(z2, L⊥, as) , (4)
where I
(n)
g←i is the matching coefficient when matching
the transverse momentum dependent PDF onto ordinary
PDF. Fgg is the collinear anomaly factor, which is first
studied in Ref. [48]. The results show that the resum-
mation predictions are fully compatible with the NNLL
order predictions [41] obtained in the traditional CSS
framework.
Recently, the QCD NNLO corrections to the process
gg → h + 1 jet were calculated [49]. This is one of
the first calculations, where QCD NNLO corrections are
computed for a 2 → 2 process, whose cross section de-
pends on the implementation of the jet algorithm. The
contribution to this process at O(α5s) can be divided into
three categories:
• gg → H + g at two-loop level;
• gg → H + gg at one-loop level;
• gg → H + ggg at tree level.
In order to perform the complete QCD NNLO calcu-
lation, these three contributions have to be combined
appropriately. In these calculations a key idea is uti-
lized to deal with infrared divergences, which can be
isolated through appropriate parameterizations of phase-
space and expansions in plus-distributions [50]. To illus-
trate this method, consider the integral
I(ǫ) =
1∫
0
dxx−1−aǫF (x), (5)
where the function F (x) has a well-defined limit
lim
x→0
F (x) = F (0). Expanding I in ǫ, the x−1−aǫ can
4be written as
1
x1+aǫ
= − 1
aǫ
δ(x) +
∞∑
n=0
(−ǫa)n
n!
[
lnn(x)
x
]
+
, (6)
so that
I(ǫ) =
1∫
0
dx
[
− F (0)
aǫ
+
F (x) − F (0)
x
− aǫF (x)− F (0)
x
ln(x) + ...
]
. (7)
Here each term can be calculated independently. In Fig. 5
the scale uncertainties for the process gg → h + 1 jet at
LO, NLO and NNLO are shown, respectively. Obviously,
NNLO corrections increase NLO total cross section by
about 30 %, and the scale uncertainties are reduced to
less than 5%.
It is worth noting that based on the effective La-
grangian approximation with the form factor the pro-
cesses gg → h + 2 jet and gg → h + 3 jet at the LO
level were investigated [51, 52]. Furthermore, NLO QCD
corrections to these processes were also calculated re-
cently [53, 54].
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FIG. 5. (Color online) Scale uncertainties for the process
gg → h+ 1 jet [49]
2. Vector boson fusion channel
At the LHC the SM Higgs boson can also be produced
via VBF in association with two hard jets in the forward
regions as shown in Fig 6. Through the VBF channel it
is helpful to determine the couplings between Higgs and
EW gauge bosons.
The QCD NLO corrections are of the order of 5 % ∼
10 % and reduce the factorization and renormalization
scale dependence of the cross section to a few percent [55–
59]. The full EW NLO + QCD NLO corrections have
been computed [60, 61], and the results show that the EW
corrections are approximately 5 %, which is as important
as QCD corrections. Based on the structure function
FIG. 6. (Color online) Feynman diagram of qq′ → jjh at the
LO
approach [56], the approximate QCD NNLO corrections
to the total cross section for VBF have been presented in
Ref. [62], and the scale uncertainty is reduced to 1% ∼
2 % after combining QCD and EW calculations.
Recently, the theoretical predictions of VBF Higgs pro-
duction plus one jet production are presented at QCD
NLO level [63]. The results show that the NLO cor-
rections to the total cross section are moderate for the
scale choice of µ = HT/2, but can be more significant
for µ = mW /2. Nevertheless, the scale uncertainty sig-
nificantly decreases from around 30 % (24 %) at LO to
about 2 % (9 %) at NLO, where the scale is chosen as
HT/2(mW /2).
3. Higgs strahlung production channel
The associated production of Higgs boson H and vec-
tor boson V (Z,W±) is the main channel of searching
Higgs boson at the Tevetron, whose Feynamn daigrams
are shown in Fig. 7. However, by means of modern jet
substructure methods, HV production is also an impor-
tant process to study the Higgs boson at the LHC. Two
different decay modes, h → bb¯ and h → W+W− have
been searched by the ALTAS [64, 65] and CMS [66, 67]
collaborations.
FIG. 7. (Color online) Feynman diagrams of qq¯ → hV and
gg → hV at the lowest order
The efforts of obtaining accurate theoretical predic-
tions for HV associated production at the hadron col-
liders have been made for a long time. The QCD NLO
and EW corrections for HV associated production were
performed [68–72]. Moreover, the QCD NNLO correc-
tions of the total cross section for HV associated pro-
duction were calculated in Refs. [12, 73, 74]. The cor-
responding numerical results are included in the code
VH@NNLO [75]. Based on the transverse momentum
substraction scheme[16], the QCD NNLO corrections of
5differential cross section for HW± associated production
were completed [76]. And the effects of QCD NLO cor-
rections to both HW± associated production and subse-
quent decay of H → bb¯ were investigated [77]. Moreover,
the fully differential cross section of this process up to
QCD NNLO with the subsequent decay of the Higgs bo-
son into bb¯ at NLO is obtained [78].
Recently, the HV associated production at the LHC
with a jet veto is presented [79], where the large logarith-
mic terms lnpvetoT /Q existing in the perturbative expan-
sions are resummed to all order in SCET. The resumed
cross sections can be written as
dσ(pvetoT )
dM2
=
σ0
s
H(M,pvetoT )
∫ 1
τ
dz
z
II ij(z, p
veto
T , µf )
× ffij
(τ
z
, µf
)
, (8)
where II ij and ffij are defined as
II ij(z, p
veto
T , µf ) =
∫ 1
z
du
u
Iq←i(u, pvetoT , µf )
× I q¯←j(z/u, pvetoT , µf ) + (q ↔ q¯), (9)
ffij (y, µf) =
∫ 1
y
dx
x
fi(x, µf )fj(
τ
xz
, µf ). (10)
Here H(M,pvetoT ) is the RG invariant hard func-
tion. Fig. 8 shows the renormalization group improved
NLO+NNLL predictions for HW associated production
cross section with a jet veto at the LHC. Obviously, the
renormalization group improved predictions reduced the
theoretical uncertainties, especially in small pvetoT region.
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FIG. 8. The NLO+NNLL predictions for HW associated
production cross section with a jet veto at the 14 TeV LHC,
where the bands reflect the scale uncertainties [79]
4. Higgs boson associated with tt¯ production
The production of the Higgs boson associated with top
quark pair, as shown in Fig. 9, is the main channel for
measuring top quark and Higgs boson Yukawa coupling
at the LHC. Similarly to top quark pair production, the
LO predictions for tt¯h production suffer from large the-
oretical uncertainties [80–84]. However, the QCD NLO
results show [85–88] that QCD NLO corrections increase
the total cross section by about 20 %, and the scale un-
certainties are reduced to 10 %. Besides, recently QCD
NLO corrections to Higgs boson production in associa-
tion with tt¯+ jet were calculated [89].
FIG. 9. (Color online) Feynman diagrams of qq¯ → tt¯h and
gg → tt¯h at the LO
B. Higgs boson properties
In the SM, the Higgs boson is a CP -even, spin-0 par-
ticle (JP = 0+). The Landau-Yang theorem forbids
the direct decay of a spin-1 particle into a pair of pho-
tons [90, 91]. The spin-1 hypothesis is therefore strongly
disfavored by the observation of the h → γγ decay.
The difference between the SM predictions JP = 0+
and alternative hypotheses can be studied through the
bosonic decay channels h → γγ, h → WW ∗ → 2l2ν
and h→ ZZ∗ → 4l, which recently are combined to dis-
tinguish between the SM assignment of JP = 0+ and
a specific model of JP = 2+ [92]. Up to now the data
strongly favor the JP = 0+ hypothesis, and the specific
JP = 2+ hypothesis is excluded with a confidence level
above 99.9 %, independently of the contributions of gluon
fusion and quark-antiquark annihilation processes in the
production of the spin-2 particle.
1. Couplings
Extraction of the Higgs coupling constants can serve
to limit various new physics models, or further to confirm
the validity of the SM. The deviations from the SM can be
parameterized as scale factor κ of Higgs couplings relative
to the SM values:
ghff = κf · gSMhff , ghV V = κV · gSMhV V . (11)
Fig. 10 shows a summary of the coupling scale fac-
tor κ measured by the ATLAS and CMS collabora-
tions [93, 94], which indicates that the measured coupling
6between Higgs boson and other SM particle are consis-
tent with the SM predictions. In the future, with the
increasing of statistics of Higgs boson, the measurement
of the couplings may be more precision.
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FIG. 10. Summary of the coupling scale factor measurements
for mH = 125.5 GeV [93, 94]
2. Self-coupling constant
In the SM, the Higgs boson is responsible for the origin
of EW symmetry breaking and the generation of elemen-
tary particle masses. After the Higgs field Φ gets the
vacuum expectation value v, the SM Higgs potential in
the unitary gauge can be written as
V (h) = λ
[
(v + h)2
2
− v
2
2
]2
, (12)
where the Higgs boson self-coupling λ is given by λSM =
m2H/(2v
2) at the tree-level in the SM, and the radiative
corrections can decrease λSM by 10 % formH = 125 GeV
where main contributions come from top quark loops [95].
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FIG. 11. The total cross sections for Higgs pair production
at the LHC [96]
At the LHC, the Higgs boson self-coupling λ can be di-
rectly probed through Higgs boson pair production, and
the relevant studies have been performed [96–118]. Sim-
ilarly to the case of single Higgs boson production, there
are four classes of Higgs pair production at the LHC,
and the corresponding total cross sections are shown in
Fig. 11 as functions of the center of mass frame energy.
FIG. 12. (Color online) Feynman diagrams of gg → hh at the
lowest order
The Higgs boson pair production is mainly induced by
gluon gluon fusion (see Fig. 12). In Ref. [99], the QCD
NLO corrections are calculated in the large top quark
mass limit. Recently, the soft gluon threshold resumma-
tion and π2 enhancement effects in Higgs boson pair pro-
duction at the LHC have been calculated in Ref. [104]. In
the infinite top quark mass limit, the effective Lagrangian
describing ggh and gghh interactions is given by
Leff =αs(µ
2)
12πv
Ct(µ
2)GaµνG
a µνh
− αs(µ
2)
24πv2
Ct(µ
2)GaµνG
a µνh2. (13)
Up to NLO, the Wilson coefficient Ct(µ
2) was calculated
by performing the large top quark mass expansion of the
7TABLE I. NLO and NLO+NNLL total cross sections of Higgs
boson pair production at the 14 TeV LHC for different Higgs
boson self-coupling λ. The first errors represent the scale
uncertainties. The second errors are PDF+αs uncertain-
ties [104].
λ/λSM
√
S = 14 TeV
NLO (fb) NLO + NNLL (fb) K-factor
−1 127.9+23.1+8.7 (+3.8)
−18.8−7.7 (−3.3) 161.6
+9.8+12.0 (+6.0)
−3.1−11.4 (−4.9) 1.26
0 71.1
+12.8+4.8 (+2.1)
−10.5−4.3 (−1.8) 90.0
+5.4+6.8 (+3.3)
−1.7−6.4 (−2.8) 1.27
1 33.9
+6.1+2.3 (+1.0)
−5.0−2.0 (−0.9) 42.9
+2.6+3.3 (+1.6)
−0.8−3.1 (−1.3) 1.27
2 16.1
+2.9+1.1 (+0.5)
−2.4−1.0 (−0.4)
20.4
+1.2+1.6 (+0.8)
−0.4−1.5 (−0.7)
1.27
corresponding one- and two-loop Feynman diagrams [99].
In SCET the differential cross section can be factorized
as
d3σ
dM2dY d cos θ
=
α2sG
2
FM
2βH
2304(2π)3S
[∣∣∣fATri + fABox∣∣∣2 + ∣∣∣fBBox∣∣∣2
]
×
[∫ 1
√
τe−Y
dz
z
fg/A(
√
τeY , µf )fg/B(
√
τ
z
e−Y , µf )
+
∫ 1
√
τeY
dz
z
fg/A(
√
τ
z
eY , µf )fg/B(
√
τe−Y , µf )
]
× C(z,M, µf)
2
. (14)
where fATri, f
A
Box and f
B
Box are the form factors including
complete top quark effects at one-loop level. The integral
kernel C(z,M, µf) has the form
C(z,mt,M, µf ) =
[
Ct(m
2
t , µ
2
t )
]2 ∣∣CS(−M2, µ2h)∣∣2
× U(M2, µ2t , µ2h, µ2s, µ2f )
z−η
(1− z)1−2η
× s˜
(
ln
M2(1 − z)2
µ2sz
+ ∂η, µ
2
s
)
e−2γEη
Γ (2η)
, (15)
where CS is the hard matching coefficient, s˜ is the soft
function, and U is the evolution function.
Table I shows the NLO and NLO+NNLL total cross
sections of Higgs boson pair production at the LHC with√
S = 14 TeV for different Higgs boson self-coupling λ.
Obviously, due to the interference effects between two
channels, the total cross section of Higgs boson pair pro-
duction decreases with the increasing of λ. Besides, the
resummation effects increase the QCD NLO results by
about 20 %−30 %. Moreover, in Fig. 13 the resummation
results show that the shape of the normalized invariant
mass distribution of Higgs boson pair strongly depends
on the Higgs boson self-coupling λ. And it is possible
to extract the parameter λ from the Higgs boson pair
invariant mass distribution.
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FIG. 13. The normalized Higgs boson pair invariant mass
distribution at the LHC with
√
S = 14 TeV, where the bands
represent the scale uncertainties [104]
Later, the extraction of the Higgs self-coupling is also
studied by exploiting the double-to-single cross section
ratio [116]. The top quark mass effects on the total cross
section of Higgs boson pair production at the QCD NLO
have been studied [117, 118], where the NLO cross section
keeping exact top quark mass is expanded in powers of
1/mt. And the the power corrections are calculated up
to O(1/m8t ) and O(1/m
12
t ) for partonic channel gg →
HH and qg(q¯) → HH , respectively. They find that the
poor convergence induced by top quark mass effects can
be improved if the exact LO cross section are used to
normalize the QCD NLO correction, and the remaining
uncertainties from top mass effects are about O(10 %) in
the QCD NLO results.
Very recently, the full QCD NNLO corrections for the
cross section in the large top mass limit for Higgs bo-
son pair production are calculated, in which the soft and
collinear divergences are removed via the FKS subtrac-
tion method [113]. Table II shows the total cross section
as functions of the center of mass frame energy at NNLO.
TABLE II. Total cross section as functions of the center of
mass frame energy at NNLO accuracy. The exact LO predic-
tion to normalize the results is used [113].
Ecm 8 TeV 14 TeV 33 TeV 100 TeV
σNNLO 9.76 fb 40.2 fb 243 fb 1638 fb
Scale (%) +9.0− 9.8 +8.0− 8.7 +7.0− 7.4 +5.9− 5.8
PDF (%) +6.0− 6.1 +4.0− 4.0 +2.5− 2.6 +2.3− 2.6
PDF+αs (%) +9.3− 8.8 +7.2− 7.1 +6.0− 6.0 +5.8− 6.0
III. RECENT PROGRESS IN TOP QUARK
PHYSICS
Due to the large mass of top quark, it is one of the
hottest topics in particle physics. Top quarks are mostly
produced through top and anti-top pairs production via
8 [GeV]topm
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FIG. 14. (Color online) The combined measurements from
the LHC compared with the Tevatron combined top mass
measurements [129, 130]
strong interactions, or single top production via EW in-
teractions at hadron colliders.
A. Top quark mass determination
The top quark mass is one of the free parameters in
SM. Through EW corrections, the top quark mass to-
gether with the W boson mass can be used to constrain
the Higgs boson mass. Thus, the precise top quark mass
is important for testing the SM or searching for NP, us-
ing precision EW fits. It was pointed out in Ref. [119]
that precise measurement of MW in future requires the
high precision top quark mass so that EW precision fits
are not restricted by the uncertainty of the top quark
mass [120, 121]. Top quark mass also plays a crucial role
in constraining Higgs boson mass by vacuum stability
of Higgs field. If changing top quark mass by 2.1 GeV
around the central value mt = 173.1 GeV, vacuum insta-
bility scale changes from µneg ∼ 108 GeV to µneg ∼ 1014
GeV [119, 122]. Thus, the precision determination of top
quark mass has an important impact on the understand-
ing of the SM.
Because top quark mass can not be measured directly,
it can be only extracted from observables which is sensi-
tive to it. In the following, we briefly review some popular
methods.
The matrix element method [123, 124] used at the
Tevatron is the most precise approach for the measure-
ments of the top quark mass, where the measured re-
sults are compared with predictions of the LO tt¯ produc-
tion and decay convoluted with the detector response.
An approach including NLO QCD effects is being devel-
oped [125]. Another most precise approach is ideogram
and template methods which are used by the ATLAS and
CMS. With these approaches, the top quark mass is de-
termined by comparing the reconstructed distributions
with Monte Carlo spectrums. A third approach is ex-
tracting the top quark mass from the total cross section
of top-pair production, with which the latest results was
performed at the NNLO+NNLL level [126]. However,
the sensitivity of total cross section to mt is relatively
small, which means that with this method the precision
is lower than the ones of others. Besides above methods,
there are other approaches for the determination of mt,
which are reviewed recently in Refs. [127, 128].
In Fig. 14, the combined measurements from the LHC
are compared with the latest ones from the Tevatron [129,
130], which shows that the combined results are mt =
(173.2 ± 0.87) GeV at the Tevatron and mt = (173.3 ±
0.95) GeV at the LHC.
B. Top quark decay at NNLO
The top quark decay width has already been directly
measured at the Tevatron [131]. In SM the top quark
almost 100 % decays into a bottom quark and a W bo-
son. The QCD NLO calculations were done over twenty
years ago [132–134]. The EW corrections were computed
at NLO accuracy [135, 136]. In the approximation of
mt ≫ mW , the QCD NNLO corrections to width were
calculated [137]. Based on the calculations of top quark
self-energy as an expansion in m2W /m
2
t , the NNLO decay
width was presented in Refs. [138, 139].
Recently, the calculation of top quark decay width at
NNLO in QCD, including NLO EW corrections as well as
the finite bottom quark mass andW boson width effects,
was completed in Ref. [140], where the NNLO fully dif-
ferential decay rates were first presented. Later, another
calculation of NNLO differential top quark decay width
was presented in Ref. [141].
TABLE III. Top quark total width including the QCD NLO
and NNLO corrections and NLO EW corrections [140].
mt (GeV) Γ
(0)
t (GeV) δ
b
f δ
W
f δEW δ
(1)
QCD δ
(2)
QCD
172.5 1.4806 −0.26 −1.49 1.68 −8.58 −2.09
173.5 1.5109 −0.26 −1.49 1.69 −8.58 −2.09
174.5 1.5415 −0.25 −1.48 1.69 −8.58 −2.09
We briefly review the method proposed in Ref. [140].
In the NLO and NNLO calculations, the bottom quark
mass is set as mb = 0. All the partons in the final state
are clustered into a single jet whose invariance mass is
measured by τ = (pb+pX)
2/m2t . Therefore, when τ → 0
the radiations can only be soft and(or) collinear to bot-
tom quark. We can divide the top quark decay width
into two parts:
Γt =
∫ τ0
0
dτ
dΓt
dτ
+
∫ τmax
τ0
dτ
dΓt
dτ
≡ ΓA + ΓB , (16)
where τ0 is a dimensionless cutoff for τ and τmax =
(1 − mW /mt)2. In the limit of τ → 0, dΓt/dτ can be
9expressed as
1
Γ
(0)
t
dΓt
dτ
= H
(
x ≡ m
2
W
m2t
, µ
)∫
dk dm2J(m2, µ)S(k, µ)
×δ
(
τ − m
2 + 2EJk
m2t
)
+ · · · . (17)
The second part in Eq. (16) can be obtained from the
QCD NLO corrections to t→W+b+ jet.
The total width is independent of τ0 as long as τ0 is
sufficient small, which can be written as
Γt = Γ
(0)
t (1 + δ
b
f + δ
W
f + δEW + δ
(1)
QCD + δ
(2)
QCD), (18)
where Γ
(0)
t is the leading order total width, δ
b
f and δ
W
f is
the effects of the finite b quark mass andW boson width,
δEW is the NLO EW corrections, and δ
(1)
QCD and δ
(2)
QCD are
the QCD NLO and NNLO corrections, respectively. All
these corrections are shown in Table III. After including
the QCD NNLO corrections, the scale dependence is re-
duced to about 0.8 %, which makes the predictions more
reliable. Fig. 15 shows the charged lepton energy distri-
bution. It can be seen that the high order corrections
push the energy distribution into the central region.
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FIG. 15. Distribution of the charged lepton energy in top
quark rest frame [140]
The QCD NNLO corrections to top quark decay rates
complement the QCD NNLO predictions for top quark
pair production. This method can be also used in studies
of heavy-to-light quark decay, such as B meson semilep-
tonic decay.
C. Top quark pair production
The main channels of top-pair production at hadron
colliders are
q(p1) + q¯(p2)→ t(p3) + t¯(p4),
g(p1) + g(p2)→ t(p3) + t¯(p4). (19)
For later convenience, we define the kinematic variables
sˆ = (p1 + p2)
2 , Mtt¯ = (p3 + p4)
2 ,
t1 = (p1 − p3)2 −m2t , u1 = (p1 − p4)2 −m2t .(20)
And we use pT and qT to denote the transverse moment
of the top quark and tt¯ system, respectively.
1. Forward-backward asymmetry
In the SM, the forward-backward asymmetry of top
quark pair production at pp¯ colliders mainly arises from
the higher orders corrections in perturbative QCD [142,
143]. As a result of it, the top quark is preferably pro-
duced in the direction of the incoming quark, and the
anti-top follows the direction of incoming anti-quark.
Thus, we can define the forward-backward asymmetry
as
AFB =
N(∆y > 0)−N(∆y < 0)
N(∆y > 0) +N(∆y < 0)
, (21)
where ∆y = yt − yt¯ is a difference of the rapidity of
top and anti-top quark. The differences between the SM
prediction and the latest measurements by the D0 and
CDF are around 2σ [144, 145]. For the differential asym-
metries, AFB is found to have strong dependence on tt¯
invariant mass, rapidity difference of top and anti-top
quark, and the transverse momentum of the tt¯ system.
And the dependencies of the differential asymmetries on
|∆y| and Mtt¯ show large deviation by about 3σ from the
predictions of the SM [144, 145].
The EW corrections were found to enlarge the SM pre-
dictions [146] and the interferences between the EW and
QCD corrections also contribute to the asymmetry [147].
Beyond QCD NLO effects, the soft-gluon resummation
predictions for AFB were presented in Refs. [148, 149]. It
was shown that the soft gluon resummation corrections
are very small and increase the NLO total asymmetry by
less than 3 %. Recently, it was pointed out [150] that
the SM predictions actually have only 1 σ deviation in
the large pair invariant mass region from the CDF and
D0 measurements after the principle of maximum confor-
mality scale setting [151]. However, the calculations of a
combination of tt¯ and tt¯+ jet at QCD NLO merged with
parton shower show that the dependences of the asym-
metries on the rapidity and invariant mass still suggest a
2σ deviation from the experimental measurements [152].
At the LHC, it is difficult to measure the asymmet-
ric, because the proton-proton collisions are forward-
backward symmetry and a large gluon flux reduces the
asymmetry here. But the charge asymmetry at the LHC
can be measured through the difference in the top and
anti-top rapidity distributions, which is defined as
AC =
N(∆|y| > 0)−N(∆|y| < 0)
N(∆|y| > 0) +N(∆|y| < 0) , (22)
where ∆|y| = |yt| − |yt¯|. The measurements at the LHC
have been performed by the ATLAS and CMS, which are
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found to be consistent with SM predictions [153–156].
Due to the large errors, these results are not conclusive.
With sufficient luminosity, the 14 TeV LHC will have
enough sensitivity to the charge asymmetry [157].
2. Cross section at fixed-order
The total and differential cross sections for tt¯ produc-
tion were calculated at QCD NLO level over twenty years
ago [158–161]. The EW radiative corrections were also
calculated [162–165]. And the QCD NLO corrections to
top-pair production and decay at hadron colliders were
obtained in narrow width approximation [166–168]. Fur-
thermore, the off-shell effects for top quark pair produc-
tion were also studied at NLO [169–172]. Very recently,
it is extended to the case of massive b-quarks [173].
TABLE IV. The NNLO theoretical predictions for top-pair
production at the Tevatron and the LHC [126].
Collider σtot [pb] scales [pb] pdf [pb]
Tevatron 7.009
+0.259(3.7%)
−0.374(5.3%)
+0.169(2.4%)
−0.121(1.7%)
LHC 7 TeV 167.0
+6.7(4.0%)
−10.7(6.4%)
+4.6(2.8%)
−4.7(2.8%)
LHC 8 TeV 239.1
+9.2(3.9%)
−14.8(6.2%)
+6.1(2.5%)
−6.2(2.6%)
LHC 14 TeV 933.0
+31.8(3.4%)
−51.0(5.5%)
+16.1(1.7%)
−17.6(1.9%)
TABLE V. Three cases in soft gluon resummation for top-pair production.
Name Soft limit Logarithmic corrections Observables
Production threshold β =
√
1− 4m2t
sˆ
→ 0 lnm β
βn
Total cross section σ
Top pair invariant mass (PIM) 1− M
2
tt¯
sˆ
→ 0 lnn(1−z)
(1−z)
dσ
dMtt¯d cos(θ)
Single particle inclusive (1PI) s4 = sˆ+ t1 + u1 → 0 ln
m(s4/m
2
t )
s4
dσ
dpT dy
The QCD NNLO calculations can be divided into three
parts, i.e. two-loop diagrams or one loop squared con-
tributions without additional partons emitting, one-loop
diagrams with one additional parton in the final state
and tree level diagrams with emitting two additional par-
tons. One-loop squared contributions were calculated in
Refs. [174–176]. The analytic results for the two loop
were calculated in the high energy limit [177, 178]. And
then, the analytic leading color contributions for the qq¯
and gg channel were computed [179–181]. Recently the
exact results for the two loop contributions were nu-
merically calculated [182, 183]. The contributions from
the one-loop diagram with one additional parton emit-
ting can be obtained through the NLO corrections of
tt¯+jet [184–187]. The double real radiation has been cal-
culated with different subtraction method in Refs. [188–
192]. Based on the above progress, the NNLO total
cross section for top quark pair production has been com-
pleted [126, 193–195]. The total cross sections for top-
pair production are shown in Table IV [126], where the
scale uncertainty is about 4 % and 5 % at the Tevatron
and the LHC, respectively. Fig. 16 shows that the scale
dependence of the NNLO total cross sections is much
smaller than that of the LO and NLO cross sections [196].
It can be seen in Fig. 16 that, at both the Tevatron and
the LHC, the experimental results agree well with the
NNLO theoretical predictions. The NNLO total cross
section has been used to constrain the gluon PDF [197],
especially at large Bjorken scalling variable x, which plays
a significant role in theoretical predictions of many NP
scenarios. Besides, the NNLO results can be used to
improve NP studies, such as separating the stop signals
from large top backgrounds in the stop searches [196].
3. Threshold resummation
When the physical process considered involves multi-
scale in high energy hard scattering, in certain kinematic
region, there exist the powers of large logarithms which
origin from soft gluon effects so that the convergence of
the fixed-order calculations in the QCD is spoiled. These
large logarithms can be resummed by reorganizing the
perturbative expansion, which is so-called soft gluon re-
summation.
The threshold resummation for top-pair production
can be mainly divided into three different cases which
are well reviewed in Ref. [198] and are summarized in
Table V. The soft gluon resummations for top-pair pro-
duction at NLL accuracy have been available for a long
time [199, 200]. The advances in the understanding of the
infrared structure of QCD amplitudes [201, 202] make it
possible to extend the resummation to NNLL level. In
the threshold limit β → 0, the NNLL resummed total
cross section was calculated [203]. The NNLL resumma-
tion for top quark pair invariant-mass (PIM) distribution
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FIG. 16. Scale dependence of the total tt¯ production cross section at the Tevatron and the LHC [196]
has been investigated [204, 205]. Recently, NNLL resum-
mation for the transverse-momentum and rapidity distri-
butions of the top quark were also calculated in the case
of single particle inclusive (1PI) kinematics [206–208].
Utilizing the results of soft gluon resummation, the ap-
proximate NNLO corrections are calculated in Refs. [204–
214].
Table VI shows the most accuracy predictions for the
total cross section at NNLO+NNLL level [126]. Their
scale uncertainties are about 2 % and 4 % at the Tevatron
and the LHC, respectively. Compared with the NNLO
results in Table IV, the resummation results agree with
the NNLO results and reduce the scale dependence.
TABLE VI. The NNLO+NNLL results for top-pair produc-
tion at the Tevatron and the LHC [126]
Collider σtot (pb) scales (pb) pdf (pb)
Tevatron 7.164
+0.110(1.5 %)
−0.200(2.8 %)
+0.169(2.4 %)
−0.122(1.7 %)
LHC 7 TeV 172.0
+4.4(2.6 %)
−5.8(3.4 %)
+4.7(2.7 %)
−4.8(2.8 %)
LHC 8 TeV 245.8
+6.2(2.5 %)
−8.4(3.4 %)
+6.2(2.5 %)
−6.4(2.6 %)
LHC 14 TeV 953.6
+22.7(2.4 %)
−33.9(3.6 %)
+16.2(1.7 %)
−17.8(1.9 %)
4. Transverse momentum resummation
The transverse momentum distribution is one of the
interesting observables for top-pair production. The
measurements at the Tevatron show that the forward-
backward asymmetry of tt¯ production has strong depen-
dence on the transverse momentum of tt¯ system [144,
145]. An enhancement of the sensitivity of the invariant
mass distribution to the effects of NP can be obtained
by setting a kinematic cut on the top quark pair trans-
verse momentum, especially in the small qT region [215].
Therefore, it is significant to have an accuracy prediction
for small qT distribution in top-pair production.
It is well known that there are the large logarithms of
the form lnn(qT/M) at small qT region in the fixed-order
calculations. To obtain the correct prediction at small qT,
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FIG. 17. Comparison of normalized distribution between the
resummation prediction and the data from the CMS at the 8
TeV LHC [222]
these logarithms must be resummed to all order in the
QCD coupling constant αs. Efforts have been made in
order to achieve the transverse-momentum resummation
by modifying the CSS formalism [46]. However, they ne-
glected the color-mixing effects between the singlet and
octet final states and the contributions from the inial-
final state soft-gluon exchange. Another approach to
the transverse momentum resummation is based on the
SCET, which has been developed for Drell Yan process
and Higgs production [43, 48, 216–220], where there are
not any colored particle in final state. Based on SCET,
the NNLL transverse momentum resummation for top-
pair production was obtained in Refs. [221, 222]. Their
factorization formula can be written as
12
d4σ
dq2T dy dM d cos θ
=
∑
i=q,q¯,g
∑
a,b
8πβtM
3s(M2 + q2T)
∫ 1
ξ1
dz1
z1
∫ 1
ξ2
dz2
z2
fa/N1(ξ1/z1, µ) fb/N2(ξ2/z2, µ)
× Ci¯i←ab(z1, z2, qT,M,mt, cos θ, µ) , (23)
with
Ci¯i←ab(z1, z2, qT,M, cos θ,mt, µ) =
1
2
∫ ∞
0
xTdxT J0(xTqT) exp
[
gi(ηi, L⊥, αs)
] [
I¯i←a(z1, L⊥, αs) I¯i¯←b(z2, L⊥, αs)
+δgiI¯
′
g←a(z1, L⊥, αs) I¯
′
g←b(z2, L⊥, αs)
]
Tr
[
Hi¯i(M,mt, cos θ, µ)Si¯i(L⊥,M,mt, cos θ, µ)
]
. (24)
where Hi¯i and Si¯i are the hard function and soft func-
tion, respectively. J0(xTqT) is the 0th order Bessel func-
tion. The functions gi, I¯i¯←b and I¯ ′¯i←b are related to
the transverse momentum dependent parton distribution
functions [43, 48]. The hard functions are matrices in the
color space, which are the same as in threshold resumma-
tion [204]. The soft functions are defined and calculated
in Refs. [221, 222], which are given by
S
(1)
i¯i
= 4L⊥
(
2w13i¯i ln
−t1
mtM
+ 2w23i¯i ln
−u1
mtM
+ w33i¯i
)
−4 (w13i¯i + w23i¯i )Li2
(
1− t1u1
m2tM
2
)
+ 4w33i¯i ln
t1u1
m2tM
2
−2w34i¯i
1 + β2t
βt
[
L⊥ lnxs + f34
]
, (25)
with xs = (1− βt)/(1 + βt) and
f34 =− Li2
(
−xs tan2 θ
2
)
+ Li2
(
− 1
xs
tan2
θ
2
)
+ 4 lnxs ln cos
θ
2
. (26)
In general, the renormalization group equations for the
soft functions can be written as
d
d lnµ
Si¯i = −γs†i¯i Si¯i − Si¯iγsi¯i . (27)
Fig. 17 shows the transverse momentum distribution,
which has been matched to QCD NLO results. It can be
found that the resummed distributions have small scale
dependence and are consistent with the data from the
CMS [223] within theoretical and experimental uncer-
tainties.
This formalism can be used to calculate transverse mo-
mentum resummation for other massive colored particle
production processes at hadron colliders.
D. Single top quark production
Besides top quark pair production, another interest-
ing process is single top quark production, which was
first observed at the Tevatron [224, 225] and later at the
LHC [226, 227].
The production of single top quark provides an unique
window into the V − A structure of the Wtb vertex
and a direct extraction of the CKM matrix element Vtb.
Furthermore, the single top quark production is an im-
portant background in searching for NP. As shown in
Fig. 18, in the SM, the single top production is divided
into three channels: t-channel production, s-channel pro-
duction and associated production of top quark and W
boson.
The QCD NLO corrections to single top production
were investigated [228–232] in the approximation of a
stable top. The investigations of matching the QCD
NLO corrections to parton shower were performed in
Refs. [233–236]. And single top production and de-
cay at NLO was studied with the narrow width ap-
proximation in Refs. [237–242]. Off-shell effects for t-
channel and s-channel single-top production were also
calculated [243, 244]. For t-channel single top produc-
tion, the relation between the four favor scheme (4F)
and the five scheme (5F) scheme was studied [245, 246].
The total cross sections in the 4F scheme is found to be
smaller and with larger uncertainties than the ones in the
5F scheme. However, the predictions of the two schemes
were found to be in substantial agreement.
Beyond the fixed-order calculations, the soft gluon re-
summations improve the theoretical predictions. Among
the three production channels at hadron colliders, the t-
channel is the dominant one at both the Tevatron and
the LHC. In the CSS framework, the NLL and NNLL
threshold effects were calculated in Refs. [249–251]. The
top quark transverse momentum distribution at large pT
is interesting because it can be directly compared with
the experimental results and is an important background
in the searches of NP. This has been investigated with
SCET in the partonic threshold limit s4 → 0 [247], which
is the first application of SCET to a spacelike process
with the final states of one massless and one massive col-
ored particle. In the SCET approach, the differential
cross section at partonic level can be factorized into the
convolution of hard, jet and soft functions, which can be
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FIG. 18. (Color online) Feynman diagrams for single top production
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written in the form [247]
dσˆthresij
dtˆduˆ
=
1
4N2c
1
8π
1
sˆ
λ0,ijHup(µ)Hdn(µ)
∫
dk+
∫
dp21
×S(k+, µ)J(p21, µ)δ(s4 − p21 − 2k+E1), (28)
where Hup and Hdn stand for contributions from the up
and down fermion lines, respectively. The hard, jet and
soft functions represent interactions at different scales,
which can be calculated order by order in perturbative
theory. After combining the hard, jet and soft functions,
the RG improved top quark pT distributions are shown
in Fig. 19 [247]. It can be seen that the resummed distri-
bution is increased by about 9 %− 13 % and 4 %− 9 %
for pT > 50 and 70 GeV at the Tevatron and the LHC,
respectively. Recently, the soft gluon resummation in the
partonic threshold s4 → 0 was recalculated in the CSS
framework, which also improved the NLO calculations by
including soft-gluon corrections at NNLO [252].
As for the s-channel single top production, it is also an
important process, because it is sensitive to the interac-
tion mediated by an extra heavy particle. Approximate
NNLO calculations from the NLL and NNLL threshold
resummation in the CSS framework were presented in
Refs. [249, 250] and Ref. [253], respectively. Based on
SCET, the factorization and the NNLL resummation re-
sults were given in Ref. [248], where the cross section is
also factorized into the convolution of hard, jet and soft
functions:
σthres=
1
2E2CM
1
4N2c
∫ 1
0
dxa
xa
dxb
xb
∫
d3q
2Eq(2π)3
×fi/Pa(xa, µf )fj/Pb (xb, µf )λ0,ijHIJ
×
∫
dk+ SJI(k
+
i , µ)(2π)J(s4 − 2k+E1, µ) .(29)
Fig. 20 shows the LO, NLO and resummed cross sections
for different top quark mass at the Tevatron. Compared
with the NLO results, it can be seen that the scale de-
pendence of the resummed cross section was significantly
improved. Besides, the resummation effects enhance the
NLO cross section by about 3 %− 5 %.
The associated production of top quark with a W bo-
son process bg → tW− has the second largest cross sec-
tion in the single top production at the LHC. The QCD
NLO corrections were calculated in Refs. [254–256]. In
the case of massive b-quarks, the NLO description of this
channel (plus decay) was also investigated [173]. Approx-
14
imated NNLO corrections from NLL and NNLL resum-
mation were calculated in Refs. [249, 250] and Ref. [257],
respectively. It is found that the approximate NNLO
corrections increase the NLO cross by about 8 %.
IV. SUMMARY
We have briefly reviewed some recent theoretical pro-
cesses on the high precision calculations in the Higgs bo-
son and top quark physics at the hadron colliders, includ-
ing the fixed-order and soft gluon resummation effects.
The main aim of the future LHC experiments is precision
test of the SM and search for the NP signal. Therefore,
with the increasing of measurement accuracy at the LHC,
it is a major task in future to exceed the present accuracy
of the theoretical predictions and to perform higher or-
der calculations for important processes, in particular the
processes involving Higgs boson and top quark, such as
QCD N3LO corrections to Higgs production, higher or-
der QCD corrections to Higgs and jet associated produc-
tion, the fully differential NNLO calculations for top-pair
production, and the high order QCD calculations of top
pair and jet associated production, which is a significant
background of SUSY signals, etc.
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